The gene encoding damselysin, an extracellular cytolysin produced by virulent Vibrio damsela strains, was cloned and expressed in Escherichia coli. DNA sequences homologous to that of the cloned gene were detected in hemolytic strains of V. damsela but not in other hemolytic Vibrio species.
The halophilic bacterium Vibrio damsela is an opportunistic pathogen that causes wound infections and fatal disease in damselfish, neritic sharks, and humans (4-6, 15, 20) . There is a correlation between virulence of V. damsela isolates for mice and the in vitro production by these isolates of large amounts of an extracellular cytolysin, damselysin (11) . Damselysin, a phospholipase D, has been purified, and many of its biological and physicochemical properties have been characterized (10, 12, 13) . Many Vibrio species are known to produce cytolysins (9, 14, 19, 23, (26) (27) (28) whose roles in the pathogenesis of diseases caused by the bacteria need to be determined. In that regard, cytolysins are known to be virulence factors for Aeromonas hydrophila, Listeria monocytogenes, and some Escherichia coli strains (3) . We report here on the cloning and expression of the damselysin gene in E. coli, the distribution of the gene among other hemolytic Vibrio species and among V. damsela strains differing in hemolytic activity and virulence, and the generation of a set of mutations in the damselysin gene by using TnS ISSOL::phoA (TnphoA) mutagenesis.
Chromosomal DNA from the markedly hemolytic V. damsela 1421-81 (11) and pUC18 DNA were digested to completion with BamHI (Promega Biotec), ligated, and then transformed into E. coli JM103 by the standard transformation procedure of Hanahan (7) . Five hundred insert-containing colonies were picked onto LM agar plates containing 10% (vol/yol) citrated rabbit blood and 40 ,ug of ampicillin per ml and were incubated overnight. One isolate that produced a small zone of hemolysis was found. Plasmid DNA extracted from this isolate and digested with BamHI showed a 23-kilobase (kb) insert in pUC18. This insert was readily lost from JM103, resulting in a loss of hemolytic phenotype, so the plasmid was transformed into the recA strain S17-1 (24) . Subcloning yielded a 5.9-kb EcoRI-BamHI insert in pUC18; this plasmid was designated pCK30 (Fig. 1) . The damselysin gene was localized on this insert by using transposon mutagenesis with TnphoA (17) . TnphoA was introduced into S17-1(pCK30) by conjugation with SM10 Apir(pRT733) (22) . pRT733 cannot replicate in cells lacking a Xpir lysogen and so serves as a suicide vector for the delivery of TnphoA (18 were isolated (2) and examined by restriction endonuclease digestion. Mapping of TnphoA insertions into pCK30 allowed localization of the damselysin gene, which we suggest should be designated dly, to a ca. 1.5-kb region of pCK30 ( Fig. 1) . Direction of transcription was indicated by the orientation of active TnphoA inserts. The gene is evidently under the control of its own promoter, as subcloning the 5.9-kb EcoRI fragment into pUC18 in both orientations did not alter expression of the hemolytic phenotype in E. coli (not shown).
The distribution of the cloned damselysin determinant among other hemolytic Vibrio isolates was examined by colony hybridization with 32P-labeled pCK30 as the probe. For colony hybridizations, isolates were grown overnight on heart infusion agar containing 10% citrated rabbit blood to confirm hemolytic phenotype and then picked onto nitrocellulose paper overlying heart infusion agar plates and incubated for 4 h at 30°C. Colony hybridizations were performed as described by Maniatis et al. (16) at 37°C in 50% formamide. The cloned gene did not hybridize to any of the Vibrio isolates tested ( Table 1) .
The distribution of the damselysin gene among other V. damsela strains differing in hemolytic activity and virulence (11) was also examined by colony hybridization and Southern blot analysis in order to determine whether the often striking differences in cytolytic activity among V. damsela strains is due to quantitative or qualitative differences in their cytolysin determinants. Table 2 shows the V. damsela strains examined. Cytolytic activity of culture supernatant fluids against washed mouse erythrocytes was determined by the method of Bernheimer and Schwartz (1). Colony hybridizations were carried out as described above, except at 42°C. For Southern blot analyses, V. damsela chromosomal DNA preparations were digested with various restriction endonucleases, electrophoresed through 1.2% agarose gels, and transferred to nitrocellulose filters by the method of Southern (25) . Hybridizations were carried out at 42°C in 50% formamide. In order to eliminate the problem of flanking sequences adjacent to the structural damselysin gene, a gene-specific probe, the 0.69-kb EcoRV fragment of pCK30 ( Fig. 1) , was used. This fragment was purified by electroelution from agarose gel slices with an Elutrap electroseparation unit (Schleicher & Schuell, Inc.), ethanol precipitated, and labeled with 32P by nick translation. Table 2 indicates the results of the colony hybridization experiments; homologous sequences were found in the highly hemolytic (>20,000 hemolytic units [HU] per ml of culture supernatant fluids) strains and in two strains of intermediate cytolytic activity (1,000 and 275 HU/ml). Southern blots of genomic EcoRV digests of the V. damsela strains showed that the 0.69-kb gene-specific probe hybridized to 0.69-kb fragments in the highly hemolytic strains, while in the two lesshemolytic strains, the probe hybridized to a ca. 8-kb fragment (not shown). Thus, an altered damselysin determinant may account for the lowered cytolytic activity of these strains. The V. damsela strains that do not contain sequences homologous to this damselysin probe may encode a different, less-active cytolysin; other Vibrio species are known to produce more than one cytolysin (8, 21, 23 ). Southern blots of V. damsela chromosomal DNA digested with a number of restriction endonucleases and probed with the 0.69-kb gene-specific probe or with pCK30 showed that only one copy of dly appeared to be present in the strains that carry the gene (results not shown). The damselysin gene is not plasmid-encoded; strain 1421-81 harbors a ca. 60-kb Western blot analysis with rabbit antidamselysin antiserum and mouse monoclonal antibody against damselysin was used to detect damselysin in E. coli S17-1(pCK30) whole-cell lysates and culture supernatant fluids. Immunoreactive material was associated with the whole-cell lysate of S17-1(pCK30) and had an electrophoretic mobility close to that of purified damselysin (Fig. 2, lane D) . The same results were obtained with the monoclonal antibody (not shown). Very small amounts of the gene product could be detected in the S17-1(pCK30) supernatant fluids. Two TnphoA transposition mutants showing altered hemolytic phenotypes were also examined (Fig. 1) . S17-1(pCK30 dly-56::TnphoA) produced larger zones of hemolysis on blood agar than did S17-1(pCK30), while S17-1(pCK30 dly-13: :TnphoA) produced smaller zones of hemolysis. These inserts lie outside the structural gene for damselysin, as the sizes of the cloned gene products detected by immunoblotting with antidamsel-
Western blot detection of damselysin production by E. coli S17-1 cells harboring pCK30 with and without TnphoA insertions. Culture supernatant fluids (10 ,ul ysin antiserum were the same as that of native damselysin, although the amount of immunoreactive material was greatly decreased in the S17-1(pCK30 dly-13::TnphoA) lysate (Fig.  2, lane F) . In contrast, the cell lysate of S17-1(pCK30 dly-56::TnphoA) did not appear to contain more immunoreactive product than did the S17-1(pCK30) lysate, but more of this material was present in the supernatant fluids of the former (Fig. 2, lane H) . When assayed for cytolytic activity against mouse erythrocytes, S17-1(pCK30 dly-56: :TnphoA) produced 275 HU/ml of culture supernatant fluids while S17-1(pCK30) produced 7 HU/ml. The structural gene for damselysin evidently spans the 0.69-kb EcoRV fragment. pCK30 dly-5::TnphoA encodes a smaller polypeptide that has no hemolytic activity (Fig. 2, lane G) . Inserts downstream of the PstI site ( Fig. 1) did not appear to affect hemolytic phenotype. These dly mutations will be studied further in future work on regulation of this gene. Work is also under way to generate defined dly mutants of hemolytic V. damsela strains by allelic exchange mutagenesis, so that the role of damselysin as a virulence factor in diseases caused by V. damsela can be further assessed. 
